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o
k!
Canada’s FraserRiver: [0
Reasons fordoakeye salimondedines (1010
withal [0 comparivon d BrBagl (1010
o
SarahO’Neal [0
Dr.CaiblAndaWabdy [0
FisheriesRegearch andCodsulting (10
www.fish4thfuture.com (10
o
Introduction [0
!

Recently, Fraser Riviérsoakeye papulations hade beén comipared ta!d 6 thoseol d'0 Briapby d
proponents of'd 0 mipingedisin'd' 0 BriaplwhocitéFraser Riveérsodkeyeas d éxamplé [0
of  8éEig#€hce’ between midingandfiskeries (Johing2091). [dthue diistinctphgsical [
andbiodogical natiire, asid dasell dvaiflgrénd t 10 lefels dudbanizatindinddstrialization, [0
thetw@sysbems makean d 0 unlikatyparéson. Tld Howehiexuidént stade of 1 d'theer 610
Riversysbem with impaired wader quality, hurhan development, chéngesinid pthdatod 0
andpraybases,andclimate chahgeh ™0 as 10 resulted dadestpiaductivity of 00 FriRbeer ¢
sockeyein &0 fiftgryeds. 100

i)
Fraser Riveérsoakeye salthon populations aresuffering froén my@iad praoblems assbciated 0
withurbin andindaistrial dedelopment, 1éadlingta’d10 drandetdreasésin a0 productivit y, 70
multiple fislderies clodures, andfédéral andintérnational population listdngs. féekhwader, [0
therearadtréssors frotn coittamination (frommiding, woed praductandotherindiistrial —d
facilities), intboduced preédators, andincdeased rivérténdperatures. TdIn C@sheariite and —0
marine environment, stréssors arareldted to' 86 househntindistrial wadte, shipping,16s8 0
of 0 habitatwadiner madine waber téndperatures. 0o

)
Whiletheblatne foréhedledines sindply caithotbe d_ 0 poiited cGifigledidéction, thed (10
current [0 sthte 0 FoRbeer sodkeyeis 80 unfortunaebthedisdstrous exdmpleof'd'd the 0
coexXigféce of 370 hudemelopinent andsalhon. 18

o
Statusof|d1o FrRseersaknon [0

o
TheFra3erRivéeris 10'0 knasvn divhgréadest salthonrivérsin o dvididd aiddinde@ed is 1610
Canada’s 0 lagdrtonpraducer (Bérgner 1991). 0@ Sockelmonp 6 Oncorhynchusnexka ) —0
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ED_00006500022633 EPA-7609-0002226_0003



are thémodtcommercially valdiable spetiesin!d &theer, dhidgerferated hundredsof 70
millions of1870 dodlansiallpuntl themid1990s (DFO2081). [r@dentdécndes, however, 0
total [J0 ofins 0 SO ckmyeductdvity (re@ruit pespaivner), andcorfimercial valdiestuffered 0
widefluétuations, andultiinately sigaificant dedines (Patific Salthon Cohmission dada, 0
2011). 18 Productivitydcarreattlydilah ftindiGwinddcating populations argbdarely 18
replacingthainselves (Figure 1,780 PeteratanZ0410 )" 610 ledurns tesdilted in a0 fisheries 0
closuresind dadté 1dd of 6 Ymckhiding thiée consecutive yedrs froth 2007t6:0:0 2009, 710

whentotalruisfailédte a0 ex n fisld(Figure 1,780 PRadfic ~0lmonCodmission ©0
data). ©0
)
30,000,000
25,000,000
20,000,000
15,000,000 -
10,000,000 -
5,000,000 JAanz S
0 5 T T i T [ i T
© D XD AV 4D D
B° B O AT N
FEFF S .
10 - . -
Total Fraser River sockeye productivity
o 81 (Returns/Spawner), 4-yr avg.
s e
o o
=
& 11
£ g
33
¢ E
1952 1960 1968 1976 1984 1952 2000 2008
Return year 3
Figure 1. Ttal Frdser River sodkeyeretiirns (fop) =90 harvestd iaﬁcapemnilf?ﬁfﬁ 1yiaﬁ'ﬁ(ﬁ/ing o

averageof a0 tutaltradirns pedspdwner ac¥bss all Braser Rivier sodkeye stodks (né@tinduding the — o
minorjacitscomponent) divided hy 0 spalvheirs4 60 ybafere o dlilrézornial dashedlind — 0
indicatestheépréductivity at | 0 whiepopdlation cadreplaceitsélf i.edretiirns/spawner = d d d.Paédific — o
Salmon Cofmissiondatain 0 0 PeterntanZi(dl0.”0 —0

0
During thedmo8tréec@ntcorservation st d atusréwdew, thedntérnational Undon fordhed [0
Conservation of 8 10 NafiliéNJéatdgorized 5 0ld of |6 PrRbeer sodkeye salthonstodksas d 0
threatened: Tdasne d (FrititalBangéred, thr@éeas d10 Endangenedpiéds a0 Vulnerable 10
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(Rand2008). 10 Cllikesdodkeyesald monin & ddwerFidiser aredlesignated endangered 0
by T &thediah government Cathmittee ond Stdirisobd10 Endang®Yédlifein’dd Canada —0
(COSWEIC; DF®20®1). [0

ar)
Prodigious resgarch intd caiises of & dlékabinesincdudes an 8- 0 ong2dgnildion doldar 0
federaljuddc ialingaiiry. [d@dfe resdilts suggestsalthonandthedr esséntial halditats suffer 0
froma 188 multinfde & sbressarsfdliéwing disdussion sumarizes soeof & peke 10 1 UG
reviewed andgraylitedature ond” & theer Rivkersoakeye dedines, andcoirludes witha 100
briefcomparison of 0] &theer Riv@rwith thewodld'slargestsodkeye salthon praducing 0
system, theBridtol Bagpwadershed in' 610 southwibstka! 00 dikisission wildbe d 0 updased a0
results em@rge froéh thetolden Coxmission federal ingiiry, cuidently underway. 0

FraserRiverf (r8shwaterendironment (10

e
Contaminants 19

0
MacDonald et (@61 1)s¥sdematically ev@luated ovér 20@aguntic cotaminants inld 10 the ©0
FraserRiv@rbaginin’d 0 addidon 6 pbtenkiadsux®e andhainto 00 sockelmond [ld The 10
studyinddcates coftaminated sufa ce 0 watdsédiinent, asld dasell d atcumulasionid1d
contaminants inl 8 &i§she/coldd posehaghrdsto 4”0 spawnaggingdndmigrating salthon. [0
Primaryeletents of 870 conwveste pHitotal suspended soléds (TSH), tardidity, nutrients 0
(nitrate, nitdite, andph dosphorus), majoriond (chdoride, fludride, andsulPhate), matals 06
(aluminum, ars&nic, boon, cadimium, chi®mium, coldalt, coper, irod, léad, medcury, nickel, [0
selenium, andsilier),andphénols. 1@ Concentratidns d H3,7,8 teti€hlorodibezo prdibkits (10
equivalents 0 occuired & saleggaat]d!0 concentratthasmagadverselyafféct 0
reproduction. T/® Weteins@ifficientto!d 0 thorougkdyninéimpactsof'd 10 endocrine 10
disrupting chémicals sudhas'd 0 pharmaceutipassondl cai@ pratlucts, industrial chémicals, £0
pesticides, i nérganic andorganometallic compounds, andbiogenic compounds (M®CA 0
2008),thotigh authors corcluded theyundoubtedly wedeent@ring tha¥rader Risterand 0
likelyhavke impacts ond " d sockeyelopinentandrepioduction. @ ¥ample) thed [0
occurrence of 870 feminizedlésdakeye salthon (MacDonald et} d 20411)i$6 00 likel30 refultd o
exposuretdo!d10 endoatiseuptérs. 1@ 0

-0
Sourcesof1d70 contaminatiemuidi®rous. Twenty eightmagor mides (Figure 2 fitagdysmall 0
placermides, 10070 audpa@dr mibs, 99 010 sawmpilflsyoadmills, —0 andoth@rwoddpraduct 0
facilities, 150870 wwedervation facdlities, 170710 cemrdtorbrete facdities, 38070 seafood 10
processing facdlities, 37076 munisipatewater trédtment plamts, 3707 0 salenfrancément 0
facilities (Apendix 17,83 00 municipdinddstrial 1a'd ndfills, sev®ral madufacturing 0
facilities, as/d " 0 agell @ ifaa@dgasindaistry opérate within thewaershed (MacDonald et’'d 6 al. — 0
2011).Madyof o afdwemeéntioned faddlities arepemnitted to!d 10 dischaogéamthants af 60
concern (MacDonald et!d 20411 Jaddaccdde ntsocar. [Iddstance) 510710 spileredrted 0
fromvardous facdlities dufinga 188 foumgGpeiodin a1 Z0utDoaald et d 20411 ) dt@Of 89
2866siteslistédin a0 Canddatamdnated Sitds Registry nedrly 150710 yego 269 (9450) [0
werelocatedin d &the [ed T 0 Rirtershed (MacDonald et!d 20411) 6 dnlimeberdf a0
contaminated sitésis 8'0 curresstiynatéd to'd 10 exbe@d0 (MacDonald et} d 204l1).10 0

22 T8 Aup0dd Cad 3
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-0
Human actévities alsd coritribute nod  -poiBiSoifrce paldution ta)d ¥ theerRaver. 10 Forest [1d
management actdvities, a_gricultural opérations, andstodmwater ruoff carcortain 0
sediment, féréilizers, insécticides, firéretdrdants, andothe@rcomtaminants (MacDonald ef’d 6 al. 70
2011,Nehbtzet 6 20411) 1810 MacDoeald(@@d 1)idddcate sildstantial quaéntities of' 610
suspended soléds , 0 nutrient¢sals;phénols, andtotdl hydrocarbons hadebeenreldasedto: a0
theFraSer Rivér frotnod -poiRiSoifrces. (10 FimathpspBeric sodrces of 18 pollutsmthasid1d

persistent organic poldutants anédmedcury, whach cartalséimpactagdatic ecasystems (Mair o
et TA08I5)[idchuide forést firgs, voldanoes, andcardon emdssions (MacDonald etid Z04l1)76 0o
-0
LandUsé [dad
i)

Nelitzet'd (@@L 1)ailditionally exdmined imipacts of! 8" 60 mifiomgstrifagidculture, 0
hydroelectricity, uriBanization, andwaer usein & drdshwader [0 environment andthedr 0
potential impactson 610 Frikbesr sodkeye salthon populations. @ 0
mr)

Mining 70
Several typsof1d 6 mimkgpladein d & theerBasin (Figure 2010 plmdaing gravel [0
mining, induistrial mideral praduction, metal miding, oildndigasprailu ction,andcoad 0
mining. [l@aAton@ pérating mide, Gibaltar, praduces acid mide drdinage assdciated 10
withhighlevélsof 10 dlssodtmq:x;hem’hﬁoﬂﬁrme@als exdeeding féd@ral andprayincial —0

, — : effluentdiséharge criteriaby 0710 several 0
%md,&gmmmmg ordersof’d'0 magni{lidel Egtonand 0
m;i?i?mf . Ferguson 1987). 118 Pladaingid 80 the 0d
Wi ,mjﬂc{ dommantmﬁmgaﬂ&ntylm&a)ahm -0
mayhawve thedodtsighificant impacts tQEé
salmonduéto 80 sedimentatiberts’ a0
(Nelitzet:o@0dl1)6'd 0
Hydroelectric ©d
Twoldrgehydroelectric préjects within 10
thebadl n, © ®thdgeé/8eton Riverpower 0
projectandAlcan’s Kemhano Prajecton -0 the 70
_ Nechako Riséer thadafféctwader 0
temperature andflow,at’6'0 timeibifidg 0
migration abidityof 88 sockelmon d 10
(Nelitzet: 0 20811)0610 scalSmadl 0
hydropower pr@jects, whdch caitafféc t 0
Total GagPrassure (Usdally nitfogen 0

. __ supersaturation), gravel sujgply, andwader "0

goriesof a0 temperature, alsd exidtin' & dakein, 310

faiATER

*, ] Highland Valley ™

FigureZilﬁﬁriﬁﬁtiond]ﬂa: AfthETcale
largemifesin 0 &theerRiverBasin. 10 FNelitzZ 60 thoughin a0 fhimynidbers (abbut20,0 £0
et [ 201120 Nelitzet 8 Z011)0
18
22 00 Aupddt Cad 4
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Urbanization [0
Water dedand wadassdciated with high huidan dewdsities, large ly (évierpa@xtionsof a0 the 70
Fraser Riv@rbagin. Population gr@wth, assdciated with urbianization, wad 81%in 4 ddver 160
Fraserand?2 @5 %138 0 municipalitfetréadn of 80 Hepitish @ imbia in’ 8 Hake200@ 0
years. [0 Urbanizatheiseddltérations to! 010 salhmin Cfiatfiotimpervious suidaces 10
including rodils, chahgesin a0 hydrokiggamcrodsings andchahnelization. Td 0

-0

-0
Forestry @
Whilefarésthawvesthasdedreased sigfiificantly in010 redenddesithateis 80 rvarond 0
stream cfodsing pessqifare -kilgi{sterin 8’0 sonpawiingareasandmigration coididors (10
(MOE2008). /0 Roaskings ofténseryeas 610 bartiers dnfishemént (Warren andPadlew 0
1998),an/d 10 integypdctod & difdleisthdy of /610 anadronsalmoniils (GibotandMadgolis. 1
Further,upo™ @t ol d arhein’d 0 somewatersheds waddiséurbed by 86 MourRair Beétle 70
infestation, patentially intdeasing firériskandsedimentation as’d dagell d ithpactirpm d 10
hydrology (Nélitzet'd Z0dl1) 060 "0

o)
Agriculture 09
Theldndareaocaipied by 010 agricullasénéddased in' & paketwe ntyyedars. 710 Agriculture T0
cancaite physical altération to' 0 0 streaipgriaitzowes, andfloddplains; incdease 0
sedimentation anddesiabilize strdam bawks causingwidening of 670 strelaamneld; remove 0
vegetation which carfincdease stréam témdperatures; compactsold ilssulfsequently inadeasing 0
runoff; dewater gralindwater sowdrces important td!0 0 maintenatfice! d shrkamsand 0
temperature regimes; inédease biodhemical oxpgendeidand; intdoduce pathogens; and 0
increase sedimentation, nufrients andcoitaminants thidughapplic  ationsof d 6 manure, 70
fertilizers, andpesiicides. [0

-0
Predation 10

o)
Predation of'd"8 sockelmondcdursin a0 hedhwaler andmadineenvdronments. 7@
Christensen andTrites (Z(Hl 1) rewdewed avadilable liteFature ond 1 d predatio. Smallmanth T
largemouth bassas d 10 agellyelow perth aredntrbduced spéciesin 8 dvidtershied, andared — 0
knownto 410 deed 6 <hlspeniesdudittie datdekistsregarding thedrimpacton 60 sockeye 70
(Christensen andTrites2061). 70 Hatchrowildsalthon bioth compete withanddirdctly 0
preyup@nsodkey e [0 (Appehdix d Kb009, TéitraandBerkjikian 2081, Ruggeroneet’d1d al. [0
2011),altldough impacts arghotwel dodumented in'0 & theer Baisin. [0 Salmon 0
enhancement fadilities in’d & theer River Bagin aredistéd belowin 610 Appeidix ddaddition 0
to T8 predatioe@n hat@hery fisld hat@heries aréh 100 soafce d pdtentiatambhation and —0
haveadditional negative ecalogical effécts on 6" 0 smildonpopulations (Se@below, Bubleef1d'0
al.20@9). o

i)
ClimateChdnge (10

0
In British Columbia, minimum temperatures have increased 0.17°C per decade and precipitation
has increased by 22% per century (Hinch and Martins 2011). Climate change has already caused

22 T8 Aup0dd Cad 5
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earlier snowmelt in British Columbia rivers (Stewart et al. 2005), and water temperatures in the
Fraser River have increased at a rate of 0.33°C per decade, increasing overall water temperature
by about 2°C in the past 60 years (Chittendon et al. 2009). Lakes in the region are also warming,
altering timing of spring ice break-up and lake turnover (Schindler et al. 2005).

Temperature related factors have also received a great deal of attention with respect to a marked
increase in mortality during river migration and on spawning grounds (Hinch and Martins 2011).

x Eggs. Although sufficient data is lacking to thoroughly examine potential impacts of
increased rainfall resulting from climate change, it is possible that increased rainfall is
causing increased scour of redds, thereby decreasing overall egg survival (Hinch and
Martins 2011).

X Fry. Temperature increases may be facilitating increased predation on lake-rearing
sockeye fry (Hinch and Martins 2011).

X Adult migrants. Warmer river temperatures appear to decrease survival of adult
migrants, particularly in early-run stocks, likely from a combination of exposure to
temperatures above the 18qC thermal tolerance, increased energy required for migration
at higher flows, and combined higher metabolism in elevated temperatures (Eliason et al.
2011, Hinch and Martins 2011). Pathogens including Parvicapsula minibicornis also
develop more quickly in warmer temperatures (Cooke et al. 2004, Crossin et al. 2009),
increasing physiological stress and decreasing swimming performance of adult migrants
(Bradford et al. 2010, Wagner et al. 2005). Earlier migration timing, likely related to
elevated temperatures, has coincided with en route and pre-spawning mortality exceeding
90% 1in some years, impacting larger stocks and pushing already threatened stocks such
as Cultus Lake to near extinction (Cooke et al. 2004). These trends are expected to
increase as climate change progresses (Hague et al. 2011, Rand et al. 20006).

ali]

Marineenvironment nedrthe¥rayerRivder [10

ali)
Contaminants 19

-0
TheStraitol’ 10 Gedsgiadbordbyed & Britidhmbda’s madn population certersof!d1d
Vancouver andVicoria. '@ ABO%bof1d 0 marie [0 pollutionodedtimated d 1@hubughd 10
disposal of 1373 lignddolfwadte fromland  -bas@dactivities (MOE2006). 110 Households 1
generate ab@utoné 1thifef & owlaste wddletwd thiflt€3s 80 franstridl sodrces (MOE 8
2006). 70 Despittind@eases in’ 8 Pthe opdlations of a0 thosas (Jéahannes et d 104l1); 700
contaminants in/ & Stiedt6fdd 0 Gemtgiaval o gerimrptovément in!d_ 0 redenadetBest 10
management practices incduding reaycling pr@grams andséecdondary or d /0 beteter 160
treatmenthavdeimprovedinid 0 regeat T [0 (Johaehesddl ) dihdpagihowever,léad, (10
polychlorinated bijthenyls (P@Bs), medcury, diokins andfurans, trfid -bu@iGndede 19
documented at' 10 nhighercdifcentrations in' 00 waserimeidt, andmadinebirdsand 0
otherbiodain’d Gtietofdd 0 Georgi [0 (JoharheSHDH )" d'0 Fudpa@dr mibsaloagthed —o
shoresofll 0 Stiet Wédea 00 nr@piribdtor of 0 contaminants d léasithed 980'swhén 0
effluenttredtmentimproved. T@dentdécades, pokybrominated dihenylethers, péfsonal 9
carepratfluctsandd 0 pharmaceutical® in@eased in’d Stiwt ofdd 0 Gedfglaanneéset’d d al. o
2011). ©o
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-0
Land/Marine WakersUsé [10

o
Shippingandmadine vessels tradsport modtgo@dsandsérdices acidyss thetoast, andmagy 10
be sodiace0d!d 0 notsgamihants, acddental spidls,andno & nqnﬁf@é‘sﬁ@:iesiﬁﬁoducﬁons 0o
through baldastwader exahange, thatigh Johéinnes et’d (@4l 1)@irluded thatmadine 0
traffichasbnlylimdted diréctintéraction withsotkeye halditat. 770 Dredgasfpwéred thed [0
mainnavigation ch@nnelat!d’ dridveti od 3] &Fthee 10 r 0 Riyel dthreerséveérthepasi3000
years, thodigh dretiging activities arglimdted to 40 perivitsn Sodkeye salthon arehotdn 870 the 0
estuary (FREMP 2006). 110 arédiiBesivethrdughout thelowerFraser Riv@restéary, 0
causingan 80 estimdtphalitatloso s Thdmra®d( —ElliseC 02084 )9 [0 althdhghr TId
construction hassla®edin’ 8 d redenddeshndsome havke beghremovedto d 0 restalmaond o
habitat (Jofianneset: d 20dl1)10 0

-0
Predation 10

-0
Significant matine pretlators of 80 Fridbesr sodkeye salthon ma§incfudesp/d  inydogfish 0
(Squalusacanthias ), [0 salshanks(8'Bamnadipdosis ), " ddagdertdoth (CAnatopterus 0
nikparini; Christensen andTrides2081) . Harborseas( Phocavitdlina richardsi) [ cSaalder 60
sealioids ("Humetopias jubditus ) are als®é corimon prédators andhawkin 0 creased dramatically 0
since thedrpratection in’6°0 18iderthedisheries Act Fodrestet d 208I9, Clixistensen and 10
Trites2081). 70 WhaitHich@iring (0 Clupea haxengus paldasi } T ocadd @ddus [d
macrocephalus ) aréunldkelyto 6 0 ppeyn sodkeye salthonsmolts, [dtheyared 100 likely 10
competitor fordood in 0’ Sttt ofdd 6 GeangithawBbeéh incdeasing in'd 6 numbers d récent [0
decades(Chtristensen andTrifes 2001). 0

o)
Many noid nagy&intfoduced spécies in’ 8 Stteitafdd |8 Gealgmpra®upén and)/orcopete
withFraderRiv@r sodkeyesalthon. [oSThetha¥isan d 0 estimdtedntmdduced spécies, 10
more thah twige thehumber fouhd throughout therémainder of 30 Canada& codbtasid 1 da 0
resultof’d’d hupogulatéon grawth, ag@aculture, andshippingactdvities (Jolanneset’d 16 al. [0
2011). CaWavailabledaihis 00 inconclushexet@atly dodumented Hudnboldtsgwid 00
(Dosidicusgigas , Co8grove 2005 ) [0 pnaye tadd Sgwificant prédators of 010 sockaydts 160
(Christensen andTrites2081). 0

7o
Christensen andTrides (2(Hl 1)inddcate thatinséfficientdad ta 0 ekists d adlequatemtifyd [0
keypradlators of 870 sockelmonandthedr ovérall impact, as/d dagelluhtterstdnd thed [0
critical cuiulative impactof'd10 predatimarallén 670 sockeye d Hi¢nddihe and 0
freshwater endironments. 00

o)
ClimateChdnge (10

o)
Majorcydde s 19 associntitl clirfiate andsead trdace tendperature in! d_ Ndreh Pédfic 0
Ocean, the®El1d" o8i [0 SoutBeaillatidbn (EWSO) andthe®Padfic Dedadal Osdllation (PBO) 0
haveexHhibited pafiern changesinid10 redenddesy 0 Beamish 1999, Maatuaet d 1087 9. —d 10
Marine habBitatfordrader Rivé@rsoakeye salthon, thebtraitol16°0 Geangithefuldof 60 Alaska, [0
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of, —'siwl—=™f” +"-Sf «-™felxrh £f el ¢ Chittenden et d F0MO [)p [ dpdhd Geatidity 810
havede@eased in & Ndreh Pédfic “@IPCC 2007). [ opEhmmd i thedatél 0 980’sta’d10 the 0
presenteXjferienced wabmer coiditions thah thode during thepravious pexiod stadtingin’d 10
1940(Figure 3,180 JoharhesHAN ). 6 & Sefacetendperature (S97) hasincdeased by 60
1.5 °Cdn 6 pake6 0@ 10 year€hittenden et 6 20419) 10 Warmer temper aturesarexoificident ©0
withblo@msof & hammfuldklgde Tdleterosigma. Heterasigma bldomscarfcaiesalthon 0
mortality thidugh dimdinished resgpiratory furfttion andabiéity to1 80 uptakgenReénselel’ a0
al.2010). 0

-0

. .0
Figure3.d10 Atéifh@imieseidesof d 6 monthdy [siidfaceteriperature andmaliesfromthelong -tes#hG 0
meanfroi 1986 2088GroiEntrancelIsland, cewtral Strditof 8 6 Geolifia, 0 §Flalmnnds et 0 20:d1). 0 o
&l

Temperature ch@nges ma§alsobe d_0 causingd déitine d zooplankton,d porfuoygsoifrce 0
forréadingso® keyesalthon (Figure 4,718’0 JoharehesSZ0d )60 Declines d prefeptadktoa 10
taxacoificide with incdeases of 10 othecies @rhdch sokeye may prey updn, altidough thedr 0
foodquadlityis1a'® considerbblerviih lesdfatéorftent (10 Sab4svi el A Z0QI9) 818 Oval, 18
Johanneset!d{@@L1)dbrrlude 0
thatwadming témperatures [0

Figure4.Tedlinidgzodplankton o 2000+

(Neoclanus spdjabéndancein d 0 the T¢
Straitof 4 0 Ggin. _d FPuhmnnésand _ 0 0 ;

Mj%‘)"“a‘dzm"- "o 2000 2001 2002 2003 2004 2005 2006 2007

i)
Fisheries Mahagement [0
mri)
FraserRiverMahagement [0
-0
Management of'd /0 Fridbesr sodkeye andother salthon falld under mydiad legalstatutes. '@
Dueta 8 artteenatdonal rage of 1810 maringegthhg sodkeye, thefiskeryis 80 subje theo 00

coincide withdediningfoadl 0 {\'JE 8000
availability andqudlity, which 0 5 ]
maylimdtsoakeye growthand 0 = 6000
decrease cordition. 19 > ]
Bh) B
C r
Bk D 4000+
o o ]
3 o
@
o
o
O
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international Paéific Saltnon Tréaty betdveen thel).StandCamadaandinvolvingmodethah 0
sixagencies (Edglishet’ 0 04dl1)"6 [0

mr)
Canada’smadn legaltoodforsockeye salthon halditat coiservation 1§18 Fitteeriad AcHin 610
placesinde 1996. [oAChackihd owledgestheheddta d 0 prgtleysicabhalditatforalllifed —0
stagesof!d0 sockaybyding thair f6od soifrces andthedjudlity of 6 dvidterindd o wihieh 0
live(JaBannes ef!d 2041 )" 010 Agai® imei d @vecathged! o dhfblitatid ob®to d @chieved [0
through limditation of 8" 6 developnrestporration of 8 dlost 0 damagéddtats)andsalthonid 0
‘enhancement’ in'd_ dddmofld 0 hatchenmespaning chénnels. 7@ Mabjtati®esdoration 0
andcompensation préjects havebeeéh inédfective, however T 6(Wilson2003 ), " chatcherfes —0
haveuni@itended, neégative ecalogical impacts ond_ 0 sockelmon ffe@below, Kastowet'd:0 al. 0
2009). o

o)
Escapement targets, setanitually under the®a@fic Saltnon Trénty by 0 idarnatdonal padel, 0
arecomplicated by 0" @yhléc naddire of 180 nkanyer River stooksand reulting intdr -angi&E 0
variability in'070 ret(Englistet] 6 #04l1) 60 Furtheasurément of 0|0 aescapément is 1410
complicated by 0 iatel0€80f 10 0 sockBigure8).010 Escapertwngetswede nothiedford 10
theEady Stidrtsoidkeye from 2005 20@9G 10 Witile er 80 targere meb, Englishet’d d al. —d
(2011)cornrlude thatoveérharvest likélyocaurred in' 610 Eirlgrtsddkeye frot 1984 12088
andfor8ady Si@mer sodkeye ffotn 1960  1988(Figure 5.0

Ak Bl
2,000,800 Early Staart BEaroaie Loss - Early Summer Bz Loss
Bl Eacapement B Escapenen:
1,306,000
1,800,000 4
£ 1,400,000 4

2 1200000

3

£ Lowon

g 000,

3 00000 4
20,000 |

Bt
Lates U Enrowie Loss
3 Esoapemant

Adult Abwadanee
g
g2
22

¥

o N

& L] . _) a )
Figure5.ltimaties of 410 witdh,eddpementandend - ro@dosdford Basersockeyebyd o riighy 0
group. [ & Fmpdos8eswedenotestimated pribrto d° 6 1992, Fedglishat 6 2041.0 6 0o
o
Bristol BaypMa®hagement [10

o)
Englishet/d (@@l 1)1@wewed differences in'd0 managemanicture beveen Bridtol Bay 10
andthe¥Frader Riverandmadet “dhe 0 followomglusibns. 7@ WhaBrasér Rivéris]8!0 subject 0
to codmplexjintdrnational mahagement stréicture, mahagement of 810 Bridpsodieyefalld 0
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entirely within theNladka Deépartment of 00 Hislzaiiee andfoud Arén Madagement 0
Biologists. TasTthplérd sbructure of 80 Bridphadhgement alléwsforéhangesin a0 harvest [0
regulations on dddya -todgHSbaIAs dufing thedisking seadon, whilemadagement dedisions (18
require a (00 nemgthia¥ précess fordrader Rivérsodkeye. [0 Mikedk fisfingissdesared (10
alsorélati velymi@orin'd 6 BrBupliiéto & dcditminadnaitiure of 6”4 harivest digheng o0
districts foradine stodks, coipared to! 8 &theer Rav@r with foud raid -tinfth@graups which 18
consistofid 0 oar 2500 stocks. Ggars arddimdted in 610 BrBdptelabiveto 60 the Fréser 10
River. 710 Furthes{a @0 relativigyestdpement andlowhudan populations in! 8" Bristol 160
Bayrégion, recdeational andsulisistence fisheriesin'd 0 BrBaphmduntto o othens 120 0 of 10
totalhawvest, whale FirstNations andrecdeational alldcations 0 aremughhigherin d’ dride [t
denselypopulated Fraser Rivéer. 0 Brilaplssodkeye rudsare@lsomode corfcentrated, —0
withal 180 typéesonlastingsixovedks coripared t61d 0 rivaethirée modiths on o &Ftheer 180
River. 10 Ov&ultol Bayberdefits frofna 100 ‘diversified poxtfolio’ of 30 nstegksandlifed — o
history typies exploiting midtiple large, prafluctive rivérs, resdilting in' 0 extretieljted 00
fisheries clodures (Sahindler et] 3 20410 ) dedhtrast) Fraser Rivier fiskieries havebeénvery 0
limited or/d70 clised ofstx théldst20d 0 yearsld

o)
Widefludtuations in}d "0 sockepernsdo 6 &' rtheer Ridveer (Figure 6] 00 requineagedsto!d10
adjustgodls evaryyed, resdlting in1d 8 overharvest 8 stmeks_dldihoey [0 -anph@ 0
variability in'd70 retalinsv§Biidtol Bapmadagers to!d Gus® fided 0 escapergentbas@dond o
maximum susiained yiedd prificiples. 7@ Firedtppéndent estdmatesin 4 0 BrBsiphradd o
significantly mareacoiirate thah thode in' 0 & theer Rivter owdngto d- 0 methodologieser d 10
counts ahdsomarupsiream of 010 ehch @dhemeitial {6 isheriesinid’d BrBdplsiédséntially T0
onehydroacoustic sitéin’ 8 dtheer Riveer) andthedactthadBridtol Bagfisktaremoiubject 0
to T &¢hphigen d 0 rmaetality, to1d 0 witinhe (1fite 00 I4ger Riveer stodksared 70
subjectto 370 betveesermerdtionand spawninggraunds. 10

-0

Influences onoBxistol BagandFraser Riviersoakeye [0

Dueta 3]0 dveinomdc importance andhistorically highretérns, Bridtol BagandFraser 0
Riversodkeye salthon have beén coripared in’d 0 rexemithso 1@ Proponents'd development 0
in 0 Bribtay dhesEra3ér Riveras d ékampléof d 0 miamddisiibries ‘¢o0 -eXishBg 0
(Joling20®1). U0 Howeverdespite wadershed aredofd & rheer Béi§in modethah dowbling —0
BristolBay's —Fraser Rivérsogkeye abwndance pakesin d'0 compar{$égured]) 010 Further, (10
though théKvithak Riv@erlistdngas &tockofd® & confhurstadl et d 20410);B¥idtol Bayp 0
sockeyearemo@urdently eXjderiencing thetyp@sof 80 decérbibiteil in' d d'rheerRivier. 0
Possiblereasons fordhede differences abdund, anda Toafexdistdssed beldw. 0o
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Figure 6.0_0 [ Bdy{blied)anidFraser River (redl)totdl rinds (Caich + 06 escapemeiniye 1986. /9 o
Averagesfor@adhrivéraréindicated byd_ 0 shading. Dabtafrom AD¥FG2020andPSé . 10

0o
Habitat 0

0
Bristol Bagen@mpasses nitemajorwaders hedsandhash 100 drainageolid 0 aBdix00:d70
km?2 (FBBS 2061), whdle thedrader Riverwabershed dréins238,000kmd %2 (Reynoldsonetid’d al. o
2006). 70 Furthetyw@ldasins aresulfjectto 30 oppaesétedsinld10 product{vigywhién 10
Bristol Bayis 1810 experienkigg [e¥ 0 productitigfrad@r Rivérandothér U.Sowesdtcoast 0
riverseXjferience l6¥der praductivity andvicd -versk(SMdéntuaet 8 19817, [ddantuaandHade 10
2002).ThéBrisbol Bapbasin wadrécéntly raitked as'd_ 0 containdmge thédiodtphysically —d
complex halditat th'd#oughouttherangeof d 0 Padlinonmakingit 00 mesiéientto 60 future 0
impactsof:d 70 climladage (Mantua andFrancis 2004, FLBS 2091 ) thad modtoth®er Padfic [0
watersheds suj@porting saléhon, incéuding the¥rager Riseer (FIBS 20901). 0

0
Aquaculture 10

0
In [0 addition ddnanagerpenttices (refiewed by 670 English20adl ),i0 dmdperiahtto!d 0
notethabmagoragwaculture actvities in' 6 & theer Rdveer basin aredn 16’ 0 stankrastto’d 0
thosein 8]0 BrBaplwheéreaguaculture is1d' 0 prohibited ABOut] dfishsamdocated °0 on 70
themigration rodteof 80 Frikbesr sodkeye salthon (Price e’ 20d11)" 610 Althehgh™ 80
researchis @0 controvefsiedy shave beéh assdciated with incdeased tradsmission ofid 10 sea 0
liceanddiséase {Priceetdd0dll [0 Mitlerdall )60 Glohabyjne€ui'd rvivalorid o
abundance i$70'0 rediwed 0 adepportdng agdaculture (FardandMyeérs 2008). [0 A [od review 10
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potential impactsta:d_ 0 Frbeer sodkeye frotnag@aculture actdvities is16' 6 forthcoming 0
(www.cohencommission.com ). 180 (10

-0
Further,in a8 respomse 6 ibpulatnhinedofl "0 FrRbesr sodkeye, thala@adian —0
government opérates nedrly 30600 hatchdnieS dblim (MAcDonald et d 20411, Ajipendix 0
1). 00 Uninteredfttsod1d10 hatchénidsidémedeased ocdurrence of a6 disfse [0 ishet’d'd al. 710
2007),diréctpreilation of 8" 0 fasiidby 60 0 hatchishy N@¥than andSharpe 2081), —0
competition fordoodresdurces (Didtman e’ 6 B0Al1 ind | 6 prasdppatein & drdshwader [0
environment (T#tara e’ d 20&I8)[1d 6°0 estudBesy etod 2041l ),adidat’ 60 se a —0 (Ruggemtne d 10
al.20D1). Cochileesddtol 10 competidon d décrepseducvity of 870 saildonBithle 0
2009). 0 Bristptidé®noGuportanysalhon ha@heries, andsalthon farthingis 6'0
prohibited in’ & Bdyandthroughout thebtade of'd'd Alaska. o

)
Humandev elopment [0

o)
Morethah tWétweé -thifité»f a0 Braidhnibfans livéin] 8 & theer Rivér Bagin withan 80
overall population of 36 ilBoniesddentsin!d 0 4006 FBE 2000 ).Efféctsod 410 huactivitie3 [0
including urlfanization, for@stry, mining, agrdculture, coidtaminant s, 8 introductidns!d ph E'%FG
native speties, andotherfactorsarewidely corfsidered to]d @ bab{ifié)tafor factorin a0
declinesof 810 salmoridwéde (Néhlsen et’d 1981, T80 Hartman et d 20816 )Bridto[Bay 0
currently sugports onfyab@utséeidenteen smallcoidmuni  ties,andal 100 populasfon dthées 710
5000( DERA2060 ).At 610 preshrtegidn doésnoduport majorindiistrial or'd 10 other 10
humanactivity. Taditrasito o dvidtergiddlity préblemsin o] &theer Riv@rdisoussed 0
above,avdilable dattfortvatersin' 6 @tisto” 0 | [drBgipniddicate cold, wedl 10§ﬁ@ated 0o
conditions withlowcoitrentrations of 870 dissoiwethlsahdoth@rsolites(C0 Zamzow 2080 ). 0

)
Cumulativeimpacts [0

-0
Theandlysis coiducted fordhedolden Codimission is10° 9 lintited d potensisdesod 810 Fraser 10
Riversodkeye déclineswitthin thebasitwénty yedrs,duingwhdéch dedinesbecéame 0
noticeable andcommercially préblematic (Parific Salthon Corhmission data). [eidjerity 0
of T d¢hertsbeldasedto!d 0 dateludé thatbaskline andothér pred “existiGg dathis 100
insufficientt'0d0 thorougkdyninéthafactorsinid 0 quedilonkeé 6 204, ChXistensen 10
andTrifes 2001, Hith andMadtin 2081,andotheérs). [Tdifltpeiry éuidently isofates 0
individual potential facborsinid 0 declindsngi@ d 0 condidesyrrgistic efféctsofid 0 all —d
factorscomibined. T1@ Christensetil'rits (200l 1) cortrlude aftérthedrandlysis of 810 predation 0
of 70 sockelmonthat“ J@&umulative thi@ats arefarmodedifficultto1010 evaltteral 100 single 70
factor. [tBdoas@ol 8 0 Fridbeer sodkeye salthon, stréssfrotmhigherw 0 aterténdperatures, /0
morein kingk8rpetition dudta’ 810 increasedpement with resdilting lavder gfodvth,and 10
running thegaithtlet thidugh pretlators whvsealtérnative préy mag havedindinished, may 0
allhavk hadcumulative effécts. [0 Assestingumidlative efféc ts theskan@othér 0
stresses wildreghiire intdgrated evaluation. ” 10 0 Retéf{d@hl)idddcate thadireadlers [0
“should nothedessarily expecttd’d_ ddind Sidigheinant caifseof ! d]dlehkneit 10 Fraser 70
sockeye.” 110 FinaHigaleyd(in press), in pdperpiedl ictingFrasersoakeye response to!d 0
climate change, indicates thaithextmulative impacts of1d0 climlangedcrosslifedtages 0

22 T8 Aup0dd Cad 12

ED_00006500022633 EPA-7609-0002226_0014



willbe dniéch grediter thah thedmjdacts on 670 indivishagles. 1de 010 conclubdesthé® 0 impacts 0
willalsdcardyfor@vardto’d_ dieegei®  ration, potentially 1éadingte’ di@vwanwérd spidal of 100
productive cajiacity, ” prédictinga @0 fuloniéradér Rivéersodkeye salthon notunlike thabof 6710
majorsalthonriverssoiith of Glditg théPadfic coast where salmon are extirpated from 40%

of their former range (NRC 1996).

Conclusions [0

i)
Fraser Rive@¢rsodkeye salthon populations aresuffering frotna 100 myofad d problems 0
associated with urbanandinddistrial development, leadlingte 6710 drandeireasésin a0
productivity, mifitiple fislderies clodures, andfédéralandin |0 ternational papulation listdngs. '@
In [0 freshwatertamthation fredn miding, woad pratfiuctandoth@rindistrial facdities, [0
wastewater tredtment plaimts, landlfills,andsalthon enldancement faddlities (L.ed hatGheries 0
andspawning chd@nnels) hasiéddo 1810 contamintionof1d10 b06O sitds, caifsing prablems 10
withpHAISS turdidity, nufrients, madals, phénols, peisonal car@pratlucts, and 6
pharmaceuticals. T'® Introdperedatods suchas 00 yeflewh afidsmallmouth bass,as1670 well 70
as [J0 hatchishymadtalsoimpactFraserRivd  er 8 sockeye drfshwaber endironment. T'® And [0
finally,in¢deased rivérténdperatures resulting frof climiate ch@hge aressdciated with 0
highermodtality of’ 8" 0 sockaye 8 fute d spawgingnds likélyduéta 1610 increased 10
physiological stréssal’ 80 highmperaét ures,dedreased swimming effftiency, andfaster 0
developmentof!d 0 pathogensd

-0
In Dddene@nvironment, industrialization andurbangrawth hasieddd |66 contaminaion 46
theStraitof’d10 Gedrgia d polybromindiplienylethers, peétsonal car@ pratucts,and 0
pharmaceuticals. /@ Dredgiaglikdfghasrediiced madine andestdarine sockeye halditat. @
Increased ship trafficis” 0! associnti#l acddental spidls, noide, andintrbduction of/d 6 non 1 :{'%FG
nativesperies. [0 Wammmine@®nmdperatures resulting froén cliate cha@hge arehsso ciated 10
withmode frequenthaxinful algalblodms, restilting in'd10 |eowggen@vélsin o drdndne § 10
environment, as d |0 agell d decreaseplankton levélswhéch arean d 10 imporsankeys 0
salmonfoodlsoifrce. 0

mr)
Currenteffdrtsta’d10 understinader sadkeye dedlinesis’d olatepoiential caifses, failingto a0
consider thedyitergistic effécts of 1010 combsieehsois stichas a0 contamindans] us® 0
introduced prédators, cliate ch&nhge, andoth@érs. 0 Furtherentdndlysesaredorded td’d10
relyup@ninadequate hisdorical datasets, w 0 hichfailda a0 satisfacteldfinébaseline 0
conditions. 0

o)
Giventhedrdiséinct phpsical andbiodogical natre, asld dagelll 0 ihsglyeriévélsof 610
urbanization andindaistrialization in) & & theer Riveerbaginreldtive to' & Btistol BEY 0
basin,rea@ntcomiparis onsbet@veen thaiwdwabersheds argsuspect. ['d Howevhen 1
comparing sockeye salthon populations alohe, BridtolBayp —thewodld’sldrgestsodkeye 0
salmon praducing system —outnumbers the¥raser Rivter by 0 tiowes inodwatershéd 1€ésé [0
thanhaldits€izé. [0 Indeed @dheparon betveen thadwdsysdems may sindply highlight 10
theinadility of 818 hudemelapinent to’d10 cexigh@ithsalmon. 19
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Appendix 1.] @amowenhancement fadllitiesin & &Ftheer RiverBasin. (|dN/Anudilable. || & F¥anDowald et & 2041 3

Lo

Area of interest/Facility Name Facility Type Species Targeted Organization
Cultus Lake
Chilliwack River Hatchery Hatchery Chinook, Coho, Chum, and Steelhead DFO Operations
Native and Domestic Rainbow Trout, Anadromous
Fraser Valley Trout Hatchery Hatchery and Coastal Cutthroat Trout, and Steelhead Trout Freshwater Fisheries Society of BC
Centre Creek Streamkee per Program Hatchery N/A Public Involvement Programs (Volunteer)
Harrison River
Coho, Chinook, Chum, Steelhead and Cutthroat
Chehalis River Hatchery Hatchery Trout DFO Operations
Weaver Creek Spawning Channel Spawning Channel Sockeye, Chum, Pink DFO Operations
Fee Creek Spawning and Rearing Channel Hatchery Coho Public Involvement Programs (Volunteer)
Lower Fraser River
Inch Creek Hatchery Hatchery Coho, Chinook, Chum, and Steelhead Trout DFO Operations
Bell-Irving Kanaka Creek Hatchery Hatchery Chum, Coho, Pink, Steelhead, and Cutthroat Trout  Public Involvement Programs (Volunteer)
Beecher Creek Streamkeepers Hatchery Coho, Cutthroat, and Rainbow Trout Public Involvement Programs (Volunteer)
Al Grist Memorial Hatchery Hatchery Coho, Chinook, and Pink Public Involvement Programs (Volunteer)
Chilliwack River Action Committee (Trap
Site) Hatchery Steelhead Trout, Coho, Chinook, Chum, and Pink Public Involvement Programs (Volunteer)
Stave Valley Salmonid Enhancement
Society Hatchery Coho and Chum Public Involvement Programs (Volunteer)
Nicomen Slough Spawning Channel Hatchery Coho and Chum Public Involvement Programs (Volunteer)
Musqueam Creek Project Hatchery Coho, Chum, and Cutthroat Trout Public Involvement Programs (Volunteer)
Steveston High School Hatchery (on-site) Hatchery Coho and Chinook Public Involvement Programs (Volunteer)
Cougar Creek Salmonid Enhancement
Group Hatchery Coho Public Involvement Programs (Volunteer)
Hoy Creek Hatchery Hatchery Coho Public Involvement Programs (Volunteer)
River Springs Salmon Enhancement and
Stream keepers Hatchery Coho, Chum, and Chinook Public Involvement Programs (Volunteer)
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Area of Iinterest/Facility Name Facility Type Species Targeted Organization
Lower Thompson River
Spius Creek Hatchery Hatchery Chinook, Coho, and Steelhead Trout DFC Operations
Community Development Program
Loon Creek Hatchery Hatchery Rainbow Trout and Kokanee Hatcheries
Community Development Program
Deadman River Hatchery Hatchery Chinook and Coho Hatcheries

Nechako River
Nadina River Spawning Channel
Spruce City Wildlife Fish Hatchery

North Thompson River
Clearwater Trout Hatchery

Dunn Lake Hatchery

Pitt River
Upper Pitt River Hatchery
ALLCO Hatchery
Hyde Creek Hatchery

Quesnel River

Spawning Channel
Hatchery

Hatchery

Hatchery

Hatchery
Hatchery
Hatchery

Sockeye
Chinook

Rainbow Trout and Kokanee Salmon

Coho and Chinook

Chinook and Sockeye
Coho, Steelhead, Cutthroat, Pink, and Chinook
Coho and Chum

DFC Operations
Public Involvement Programs (Volunteer)

Freshwater Fisheries Society of BC
Community Development Program
Hatcheries

DFO Operations
Public Involvement Programs (Volunteer)
Public Involvement Programs (Volunteer)

Horsefly Spawning Channel Spawning Channel Sockeye DFO Operations
Seton -Portage
Gates Creek Spawning Channel Spawning Channel Pink DFO Operations
Seton Creek Spawning Channels Spawning Channel Pink DFO Operations
South Thompson River
Shuswap River Hatchery Hatchery Chinook DFO Operations
Kingfisher Community Hatchery Hatchery Coho, Spring, Sockeye, and Kokanee Public Involvement Programs (Volunteer)
Adams River Fishway Sockeye DFQO Operations
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Species Targeted

Organization

]

Area of Interest/Facility Name

Facility Type

Community Development Program

Upper Fraser River

Penny Hatchery
Anderson Lake Fish Hatchery

Hatchery
Hatchery
Fishway

Chinook
Sockeye and Kokanee
Sockeye, Coho, Pink, Chinook, Steelhead Trout

Hatcheries

Public Involvement Programs (Volunteer)

DFO Operations

Hells Gate Fishways

o
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